Etiolated leaves enlarge and turn green following illumination. In grasses the increase in leaf size is due primarily to the unrolling of the leaf blade associated with an enlargement of the mesophyll cells (6). The greening process is characterized by the synthesis of chlorophyll and the development of mature chloroplasts (2, 13).
Etiolated leaves enlarge and turn green following illumination. In grasses the increase in leaf size is due primarily to the unrolling of the leaf blade associated with an enlargement of the mesophyll cells (6) . The greening process is characterized by the synthesis of chlorophyll and the development of mature chloroplasts (2, 13) .
In addition to the normal enlargement and greening processes following illumination it has been shown (21) that there is a concomitant increase in the protein and nucleic acid content of the leaves. This increase in RNA and protein could arise as a result of increased cytoplasmic or chloroplast synthesis, or both. The relative importance of the two processes during the early phases of photoinduced leaf development has not been established. The observation that unrolling (1, 20) and greening (4, 12) can be prevented by inhibitors of protein and RNA synthesis suggest that the increase in RNA and protein levels must accompany unrolling and greening.
The present investigation attempts to determine the nature of the RNA synthesized following illumination, and an appraisal is made of the essentiality of RNA synthesis for unrolling and greening.
MATERIALS AND METHODS
Barley seedlings (Hordeum vulgare, L., var. Arivat) were grown in darkness at 23 C as previously described (20) . The 7-mm segUrbana, Illinois 61801 ments were excised, starting 1 cm below the tip, from the primary leaves of 6.5-day-old seedings. Batches of 200 segments were incubated in 10 ml of 0.001 M sodium acetate buffer, pH 5.5, containing the appropriate test chemical and incubated at 25 C either in darkness or under 600 ft-c.
Synthesis of RNA was measured by the incorporation of 3P-orthophosphate (neutralized with NaOH). In general 200 ,uc of carrier-free`P-orthophosphate were included during the terminal 6 hr of the incubation period. The segments were then washed in 0.1 M phosphate buffer, pH 7.0 and rinsed with deionized water. Total RNA was extracted by the sodium deoxycholate-phenol method as described by Click and Hackett (7), except that the pH of the extraction medium was adjusted to 8.0 and the concentration of bentonite was increased to 1%. The RNA pellet was dissolved in electrophoresis buffer, pH 7.8, containing 10% sucrose.
Total RNA was fractionated by polyacrylamide gel electrophoresis essentially according to the method of Loening and Ingle (14) except that 0.2% sodium lauryl sulfate was included in the buffer system. A constant current of 5 ma per gel was applied for 2 hr to remove free acrylamide, ammonium persulfate, and other impurities. The RNA sample (25 ,ug/25 ,ul) was then applied, and electrophoresis was continued for 2.3 hr. Absorption profiles were measured at 260 nm with a Gilford gel scanner attached to a Beckman DU spectrophotometer. The gels were frozen and cut into 0.5-mm slices with the Mickel gel slicer. Radioactivity of the gel slices was determined on a NuclearChicago gas flow counter.
The isolation and fractionation of ribosomes from barley leaf sections was performed by a modification of the method described by Jachymcyzk and Cherry (10) (18) .
RNA polymerase was extracted and assayed by a modification of the published procedure of Stout and Mans (22) . Batches of 800 segments were frozen in liquid nitrogen and ground to a fine powder. The 20 min at 35 C, and then 0.1-ml samples were removed and precipitated with 5 ml of ice-cold 10% trichloroacetic acid containing 1% sodium pyrophosphate. The precipitates were subsequently transferred to nitrocellulose membrane filters (Schleicher and Schuell, Bac-T-Flex B6) and washed with 50 ml of cold 5% trichloroacetic acid. The filters were dried and counted in a Packard Tri-Carb scintillation spectrometer.
Chlorophyll content was determined at 665 nm on 80% ethanol extracts. Protein was estimated by the method of Lowry et al. (15) , with bovine serum albumin as a standard. Leaf width was measured with an overhead projector as previously described (20) .
RESULTS
Effect of Illumination and Inhibitors. Illumination of etiolated barley leaf segments results in an increase in leaf width and an accumulation of chlorophyll (Fig. 1) . These processes are influenced to varying extents by inhibitors of protein and RNA synthesis. A concentration of 5 mm chloramphenicol prevented chlorophyll accumulation in illuminated segments but did not affect unrolling. Cycloheximide prevented both leaf unrolling and chlorophyll production. It was observed that actinomycin D prevented unrolling of illuminated segments, but it did not restrict chlorophyll production during the early stages of illumination. 5-Fluorouracil treatment had no significant effect on either unrolling or greening.
RNA Synthesis in Illuminated Segments. Polyacrylamide gel electrophoresis of RNA extracted from barley leaf segments showed that six distinct fractions were present (Fig. 2) phosphate reduced the capacity of the leaf segments to incorporate radioactivity into RNA (Fig. 3) . At the concentrations used there was no evidence of specific effects of the inhibitors on the synthesis of any of the RNA components. Thus from these data it is not possible to ascribe the differential effects of the inhibitors on unrolling and greening to their specific effects on RNA synthesis.
RNA Polymerase. Assays of the DNA-dependent soluble RNA polymerase activity were performed on extracts from illuminated and nonilluminated barley leaf segments. It was found ( Table I) that in the crude preparation RNA polymerase activity was low and enzyme activity did not increase appreciably during a 16-hr illumination period. Enzyme preparations from illuminated segments had consistently higher polymerase activity than preparations from nonilluminated segments. The differences in activity were more apparent in partially purified extracts. The activity of the partially purified preparations from segments illuminated for 12 and 16 hr was greater than that from segments receiving only 6 hr of illumination. Thus it appears that part of the increase in RNA content which occurs during illumination could be ascribed to an increase in RNA polymerase. When enzyme activity was expressed on a specific activity basis, it was observed that segments illuminated for 6 hr had a 34% greater polymerase activity than controls, whereas when results are expressed on a per segment basis, the activity of the illuminated segments is only 20% above the controls. These data suggest that light stimulates the preferential synthesis or activation of soluble RNA polymerase protein.
Polysome Levels. Absorbancy profiles of ribosomal preparations prepared from barley leaf segments and subjected to sucrose density gradient centrifugation are shown in Figure 4 . Characteristically, there is a monosome peak at the top of the gradient with increasing polysomic associations toward the bottom of the gradient. In etiolated leaf segments 45% of the ribosomes occur as polysomes; exposing the segments to 1 hr of light increases this percentage to 73 %. A 6-hr illumination period only increases the population of ribosomes occurring as polysomes to 75%.
The population of polysomes was reduced by actinomycin D (Table II) , as might be expected if actinomycin D blocks the synthesis of mRNA. 5-Fluorouracil had no effect on the polysome level of barley leaf tissue, indicating that, while the bulk of RNA synthesis is inhibited, mRNA synthesis is not (11) . Cycloheximide-treated tissue showed a small decrease in the percentage of ribosomes occurring as polysomes.
The four minor peaks to the right of the monosome peak probably represent subunits of the 80 S and 70 S ribosomes. These subunits are present in both illuminated and nonilluminated segments and may constitute a pool from which 80 S and 70 S ribosomes are assembled during periods of active protein synthesis.
The polysomic nature of the material to the left of the monosome peak has been verified by incubation with RNase. Also, preparations similar to those used in the sucrose density gradient analysis, but prepared in the absence of cycloheximide, were active in incorporating '4C-leucine into trichloroacetic acid precipitable material. The conditions for amino acid incorporation by the ribosome preparations are presented in Table III . Ribosomes prepared from illuminated leaf segments showed a greater capacity for 14C-leucine incorporation into trichloroacetic acid insoluble material in comparison to nonilluminated segments. During the initial 6 hr of illumination the capacity of the ribosomes to support amino acid incorporation increased 116%. Thereafter, however, increasing the duration of illumination did not elicit an additional increase in leucine-incorporating capacity.
DISCUSSION
The visible photomorphogenic changes which occur following illumination of etiolated leaves, expansion, and greening are accompanied by an increased capacity for RNA synthesis (3, 13 ;M actinomycin D, and 5 mm 5-fluorouracil on incorporation of radioactivity from 32P-orthophosphate into RNA components of illuminated barley leaf segments. lated predominantly in the cytoplasmic rRNA fractions. Thus, during the early phases of chlorophyll production, there is no requirement for the specific synthesis of chloroplast rRNA. This observation agrees with the concept of Boardman (2) . The incorporation of radioactive phosphate into chloroplast rRNA during the later stages of illumination indicates that there is a period of chloroplast rRNA synthesis following illumination. However, this occurs after the segments have synthesized appreciable amounts of chlorophyll. In contrast, Bogorad (3, 5) observed that illumination resulted in a rapid preferential synthesis of plastid rRNA. These conflicting observations may be due to different plant tissue or tissue age. In this respect Ingle (9) demonstrated that in greening radish cotyledons the period of active chloroplast rRNA synthesis was short, whereas cytoplasmic rRNA was continuously synthesized.
The increased incorporation of radioactivity into RNA following illumination may be partly due to the observed increase in RNA polymerase level. A similar increase in soluble polymerase activity following illumination has been reported by Stout, Parenti, and Mans (23 The light-stimulated formation of polysomes is similar to that reported by Williams and Novelli (24, 25) . Ribosomal preparations from illuminated leaf segments have a greater capacity for amino acid incorporation than preparations from nonilluminated segments.
The inhibition of both greening and leaf unrolling by cycloheximide indicated that protein synthesis must accompany the photomorphogenic changes. The prevention of greening but not leaf unrolling by chloramphenicol is consistent with the concept that leaf unrolling is achieved by protein synthesis involving cytoplasmic ribosomes whereas chlorophyll synthesis requires the functioning of chloroplast ribosomes. However, the observed inhibition of greening by cycloheximide does not agree with this concept. The conflicting data can be reconciled if chlorophyll synthesis involves the participation of both cytoplasmic and chloroplast ribosomes whereas the unrolling process requires only the cytonlasmic component. As indicated by Kirk and Allen (12), it cannot be determined whether inhibition of protein synthesis prevents chlorophyll production by inhibiting the synthesis of essential enzymes involved in chlorophyll synthesis or whether the inhibitors impede the formation of structural proteins required for the formationof membranes with which the chlorophyll becomes associated.
The inhibition of unrolling but not greening by actinomycin D indicates a differential requirement for RNA synthesis in the two processes. Furthermore, the failure of 5-fluorouracil to inhibit unrolling indicates that the initial photoinduced unrolling is dependent upon the synthesis of a restricted complement of RNA.
Insofar as it has been shown that the synthesis of D-RNA (11) is insensitive to inhibition by 5-fluorouracil (11) , and since ribosomal preparations from 5-fluorouracil-treated segments contained polysomes whereas preparations from actinomycin Dtreated segments had a preponderance of monosomes, it is possible that the sole requirement for RNA synthesis during early photomorphogenesis is the production of mRNA. The synthesis of this component facilitates photoinduced unrolling; greening can occur in the absence of detectable RNA synthesis.
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